1 attributed the lack of progress in understanding the nature of personality change after traumatic brain injury (TBI) to the complexity of the problem and the dearth of instruments to investigate the change. In this report, we provide a theoretical framework to encourage future thinking on the matter. Our approach will address three issues that may have hindered progress in developing such a framework: (i) the population on which the model is developed, (ii) the source of information for generating the model and (iii) the procedure used for generating the model.
Population on which the model is developed
The models of personality underlying some of the scales currently in use to measure personality in TBI, for example the Neuropsychiatric Rating Scale (NRS) 2 and the Neuropsychology Behaviour and Affect Profile, 3 were initially developed from populations other than TBI but later standardised on a group with TBI. These scales have been very useful but the use of scales developed for either the psychiatric population or for the general population, such as the NEO Personality Inventory (NEO-PI), 4 can result in the imposition of a framework relevant to the personality of these populations onto the personality changes associated with TBI. In contrast with these scales, the NRS, 5 the Current Personality Profile 6 and the Head Injury Behaviour Scale 7 were developed on the basis of information from individuals with TBI. Despite its usefulness, the Current Personality Profile has not led to a new theoretical framework. The Head Injury Behaviour Scale is a recent development, and it is premature to evaluate its contribution to our understanding of the organisation of personality after TBI. The NRS 5 is a useful and popular measure of general neurobehavioural functioning. The factor structure of the NRS provides a framework for general neurobehavioural changes but not specifically for personality.
Source of information for generating the model
It has been claimed that individuals with TBI have limited awareness of their cognitive and behavioural problems. 8 9 A significant other (SO) is often recruited to provide information about the TBI survivor, 6 and the discrepancy between the selfratings by the TBI survivor and the ratings by the SO are thought to reflect the survivor's lack of insight. 9 There is no evidence that the information from the TBI survivor is less accurate than the information from the SO. There is some evidence that lack of insight from the TBI survivor does not fully account for the discrepancy between the two sources of information, and that factors associated with the SO may also contribute to the discrepancy. 10 The issue regarding the best source of information to generate a model of personality after TBI is still unresolved.
Procedure for generating the model Investigators using a non-psychometric approach to personality after TBI grouped items intuitively to reduce the complexity of information. 1 11 12 Investigators using the psychometric approach 2 3 7 generated their models by carrying out factor analysis of items preselected for inclusion on the basis of clinical judgment, or because these items were part of a rating scale designed for another population. In each case, the factor analyses followed the selection of items.
The current study
We describe our results leading to the development of a theoretical framework that reduces the complexity of the problem described by Gainotti.
1 Our approach was exploratory but was guided by clinical and statistical criteria similar to those used by Corrigan 13 : (i) the initial number of items for rating should be over inclusive, (ii) the items entered into the factor analysis must be selected on the basis of well defined criteria (relevance to TBI, ease of interpretation, test-retest reliability), (iii) the final instrument should only include the items that contribute to the solution of the factor analysis and to the personality framework, (iv) the ratings of personality change should be completed by experienced interviewers on the basis of information provided directly and indirectly by the TBI survivor and an SO and (v) the information obtained from the TBI survivor might produce a different model of personality change than will the information provided by the SO, and the information from the two sources should initially be treated separately. Our intention was to produce an initial model that was unambiguous rather than comprehensive, and that reflected the changes in personality most frequently observed. We excluded ambiguous items, items that were not associated with other items or items endorsed infrequently, however clinically salient, because they could decrease the clarity of the final model. To ensure the reliability of the resulting instrument, we excluded items that could not be reliably assessed.
METHODS

Participants
Participants were recruited from six urban centres in the UK (table 1). Only participants for whom an SO could provide information about their current personality, and in the case of TBI survivors their personality before the injury, were included in the study. The sex and relationship of the SO to the participant for both groups is provided in table 2. All participants and their SO gave written informed consent.
TBI survivors (n = 184) were recruited from private rehabilitation services and local social services (table 3) . Participants were included in the study only if there was documented evidence of a moderate to severe TBI (Glasgow Coma Scale of 12 or below, or a post-traumatic amnesia of more than 1 h) or if their records contained sufficient information to derive such a score (table 4) . Individuals with injuries sustained by a penetrative missile were excluded from the study. The last TBI (some individuals had sustained more than one TBI) had occurred at least 3 months prior to the interview, and participants had to be 16 years of age or over at the time of the first or only TBI. Participants who had never had a TBI (n = 87) were recruited from a variety of sources (eg, large companies, friends of individuals with TBI).
Materials
A total of 123 personality characteristics were gathered from (1) the scientific and clinical literature on TBI, (2) existing personality assessment scales, (3) staff at the participating rehabilitation services, (4) clients of the participating rehabilitation services, (5) the Scale for the Assessment of Negative Symptoms 14 and the Scale for the Assessment of Positive Symptoms, 15 and (6) the scientific literature on personality disorder.
The participant was rated on each item on the basis of information obtained during a semi-structured interview. Some items were rated by observing the participant but most items were rated on the basis of information provided by the interviewee (participant or SO), either directly in response to questions or indirectly through conversation and observation. For example, to rate an item such as ''quick temper'', the interviewer not only considered the participant's view of their temper but also considered whether the participant lost his temper or seemed to become angry during the interview, or if the participant provided anecdotal evidence indicating a difficulty with temper. The questions were designed to engage the interviewee in a conversation and allow the interviewer to rate the participant on each item. Questions were appropriately rephrased for the interview with the SO. The interview was always carried out in a particular order but the interviewers did not restrict themselves to the questions in the manual. They were encouraged to learn as much as possible about the participant in regard to the items using the questions as a starting point for conversation. The six interviewers were trained to carry out the interviews with a training video, practice sessions and meetings between interviewers to discuss any difficulties in interviewing and methods to overcome the difficulties.
The interviewers were provided with a clear definition of each item, illustrative examples and instructions for rating. Each item was rated on a scale from 0 to 5 (not applicable, questionable, mild, moderate, marked and severe), as for the Scale for the Assessment of Negative Symptoms 14 and the Scale for the Assessment of Positive Symptoms. 15 The manual for the interview can be obtained from the first author (MCO).
Procedure
All TBI survivors and their SO were interviewed at least once. Each SO was interviewed about the participant's current personality (during the past 3 months) and the participant's personality prior to the injury. Thirty of the TBI survivors were interviewed twice (at a 2 week interval), as was their SOs, to assess the test-retest reliability. These four interviews (two interviews with the TBI survivor and two interviews with the SO) were recorded on an audio tape, and the recorded interviews were rated by a second rater to assess inter-rater reliability. The same second rater scored all four interviews (two with the TBI survivor, two with the SO) from one particular participant. 
Data analysis
Item selection was carried out in seven steps. We excluded items (i) that had not been scored on a sufficient number of people, (ii) where only 10% of survivors obtained a score of 3 or more (moderate to severe), (iii) for which there was no difference between the ratings of individuals with TBI and individuals without injury, (iv) for which there was no difference between the ratings before and after the injury, (v) that had a test-retest reliability of less than 0.6, (vi) that correlated with two or fewer items only and (vi) that had a Kaiser-Meyer-Olkin (KMO) value of less than 0.5. The testretest reliability of each item was assessed by calculating the within subject generalisability coefficients. 16 The ratings of the first interview (the ratings of the interviewer and the ratings of the rater of the audio tapes) were compared with the ratings of the second interview (the ratings of the interview and the ratings of the rater of the audio tape). The within subjects (testretest) and between subjects (inter-rater reliability) coefficients of the factors will be detailed in a subsequent report describing the psychometric properties of the Brain Injury Personality Scales.
Factor analysis
The items selected from the two interviews were entered into separate principal component analysis with Varimax rotation. Items had to load on a factor at 0.450 to be considered significant. This criterion loading has been suggested for a sample of 150-200 participants. 17 The principal criterion for factor extraction was an eigenvalue of 1.0 or greater. At one point in the process, extraction according to this criterion resulted in eight factors, with one factor having no significant loadings. The scree plots indicated the presence of seven factors, and the analysis was repeated with a specification to extract seven factors.
Three indices of extraction adequacy were examined for every factor solution generated: the KMO statistic (a measure of sampling adequacy, with a criterion of greater than 0.5), the communality (criterion of greater than 0.5) and the definition of the factors (criterion of at least three items loading significantly on a factor). Each of these criteria was considered in this order. If the extraction solution resulted in the violation of one of these criteria, the item that most violated the criterion was removed from the analysis, and another extraction procedure was carried out. The final solution satisfied all three criteria of sampling adequacy, communality and factor definition.
For the final solutions, Bartlett's statistic had to indicate a significant difference between the correlation matrix generated by the items and an identity matrix. Fewer than 50% of the residuals were allowed to not fit the model. Simple structure was a desirable but not a necessary outcome as the items represent psychological constructs that may not be unitary.
After the separate factor analyses of the information obtained from the two interviews, we carried out a joint second order factor analysis of all first order factors obtained from the two interviews.
RESULTS
Of the 123 original items, 29 satisfied all of the criteria for the interview with the TBI survivor and 31 items for the interview with the SO. Eighteen items were selected from both interviews. Scores for some of these items were unavailable from some participants, and the remaining statistical procedures were carried out on 152 TBI survivors and 174 SOs.
The optimal solution for both factor analyses was seven factors (tables 5, 6). The solutions presented with complex structure; some items (quick temper, aggressive behaviour, selfesteem, changeability) loaded significantly on two factors. All indices confirmed the adequacy of the solutions for both interviews (table 7) .
Unit weighed scores for each of the seven factors were calculated and subjected to a second order factor analysis (principal components analyses with Varimax rotation). The initial two factor solution showed low communalities (0.324) and a high percentage of residuals, indicating that the solution was not optimal for these items. A three factor solution resulted in little change. A four factor solution (tables 8, 9) led to substantial improvement (table 7) .
The relationship between the personality items, the first order factors and the second order factors for the two interviews are shown in figs 1 and 2. The items are shown in the bottom layer, the first order factors in the middle layer and the second order factors in the top layer. Solid lines show the relationship between the different layers. For example, in fig 1, the first order factor ''emotional lability'' loads on two second order factors: ''behavioural regulation'' and ''affective regulation''.
The distribution of participants with and without TBI across the different scoring categories for each personality dimension is shown in fig 3. Participants with no TBI obtained higher ratings in the none or questionable categories, and participants with TBI obtained higher ratings in the mild, moderate and marked categories. Very few TBI survivors from this sample obtained ratings in the severe category. The ratings obtained from the interview with the TBI survivor indicated that depressiveness, lack of confidence and emotional lability were the most salient characteristics (fig 3C) , and the ratings from the interview with the SO reflected the salience of depressiveness, anxiety, restlessness and disinhibition ( fig 3D) . Factor loadings in bold typeface represent a significant loading (.0.450). To compare the results from the two interviews, we first compared the number of participants who showed little or pronounced personality change according to the information from the two interviews (table 10) . We defined a pronounced personality change as a score of moderate, marked or severe on at least one dimension. The k coefficient (k = 0.276, p = 0.010) indicated poor agreement between the two interviews. We then carried out a combined factor analysis of the data from both interviews. There were 147 TBI survivors for whom the information from the two interviews was complete. The seven first order factors from the two interviews were combined into one factor analysis using the same procedure and criteria as for the previous analyses. The result was also a four factor solution (table 11) . Six of the seven first order factors from the interview with the SO loaded on one factor (factor 1). The first order factors from the interview with the survivor were distributed more evenly across factors 2, 3 and 4. Indices of the adequacy of the solution are given in table 7.
DISCUSSION
The aim of this study was to develop a model of the components of personality that change after TBI and to develop a method of measuring this personality in a way consistent with the model. The main difference between this and previous approaches is that we used strict statistical criteria to select items for the factor analysis, 13 and we further excluded items that interfered with an optimal factor solution, rather than using factor analysis to examine the factor structure of preselected items. 2 3 7 Our approach resulted in a list of descriptors that differentiated individuals with TBI from those without brain injury, and distinguished between the personality of the TBI survivor before and after the injury. First and second order factor analyses of these descriptors yielded clear factor solutions but some of these first order factors were highly intercorrelated. Second order factor analyses revealed these relationships more clearly. Hierarchical models 18 19 provide the opportunity to test the reliability and discriminant validity of psychological constructs at different levels. Discriminant validity can be low for single descriptors but is usually higher for first and second order factors. 19 The validity of the components of the current model still needs to be examined.
The selection of items on a statistical basis results in a clear model of personality structure but the model may achieve clarity at the expense of completeness. Some items that reflect clinically salient aspects of personality associated with TBI (eg, tactlessness, childishness) were excluded from the model by the statistical process. Future research will examine the relationship between these items and this initial model.
We made no assumption about the degree of similarity between the information provided from the interviews with the TBI survivor and the SO. Item selection and factor analysis of the items from the two sources were carried out separately. There was considerable similarity, and some important differences, between the models produced from the two sources of information. Item selection from each interview yielded about 30 items, and 18 of these 30 items were shared between the two interviews. The second order factor analyses of both sets of descriptors yielded four factors. Approximately 70% of the total Figure 1 Relationships between items, first order factors and second order factors from information from the interview with the traumatic brain injury survivors. The personality items form the lower layer of the figure, the first order factors form the middle layer and the second order factors form the top layer. Figure 2 Relationships between items, first order factors and second order factors from information from the interview with the significant other. The personality items form the lower layer of the figure, the first order factors form the middle layer and the second order factors form the top layer.
variance of both second order factor analyses was accounted for by three factors so similar in the composition of their items and in their first order factors that we named the three factors from each interview in the same way: behavioural regulation, affective regulation and engagement. The fourth factors from the two interviews (restlessness and range of thought) accounted for approximately 15% of the variance for each solution.
Between 64% and 82% of our sample, depending on the source of the information, showed a change in personality (a score of moderate or more) in at least one of these factors. These values are similar to those reported by other investigators 20 but it is difficult to compare this incidence of personality change to the incidence reported by other investigators because of differences between studies, including differences in the method and nature of assessment, and the range of severity of injury. For example, the incidence of personality change has been reported to be as low as 3.5% in individuals with mild TBI 21 and 84% in individuals with severe TBI. 22 The three shared second order factors appeared to bear some similarity to factors and dimensions suggested by other investigators who examined personality change after TBI. The affective and behavioural regulation factors are conceptually similar to the emotional and behavioural regulation factors, 7 to the affective instability and aggression/disinhibition factors 2 and to the dimensions of emotional and social disturbances 1 described by previous investigators. The engagement factor is conceptually similar to the negative symptom factors 5 11 and the apathy factor.
2 These factors and dimensions from various investigators may share some conceptual features but their psychometric similarities still need to be tested. Nevertheless, the resemblances between the three major second factors from both interviews and factors generated by other investigators indicate that these dimensions are salient aspects of personality change after TBI, and provide some face validity for these three factors.
The fourth factors from each interview account for a smaller proportion of the total variance and resemble psychological states that are usually assessed with a psychiatric mental state examination. 23 Restlessness is a well documented outcome of TBI 11 24 and the items in the factor reflect attention that is broad and easily distracted. The range of thought factor is a possible name for a group of items that appear to reflect a narrow range in the content of thought. TBI survivors scoring high on this factor report that they have a limited number of concerns (preoccupations, as reflected by thinking or speaking about a narrow range of issues and interests). This restricted range of concerns is possibly reflected in their conversations (poverty of content of speech, as shown by over abstract, over concrete, repetitive or stereotyped speech) and in other aspects of social interaction (social disinhibition, as shown by an unawareness of the normal social rules of interaction). The restlessness and range of thought factors were generated as part of the reliable factor solutions but they consist of few items, account for little variance and are not constructs usually associated with personality. Additional research will examine their relationship to this model of personality change and their relevance to other samples of TBI survivors.
Despite the similarity in the structure of the models generated from the two interviews, there are important differences in their composition, as demonstrated by the lack of agreement between the factors from the two interviews. Discrepancy between ratings of personality by survivors of TBI and SOs has been frequently observed. 9 25 26 Personality ratings of healthy individuals obtained by self and others also show some discrepancy. Correlations between self and peer ratings of personality are in the range of 0.25 and 0.36, 27 and self-spouse agreement on the NEO-PI ranges from 0.36 to 0.58. 28 The lack of concordance between the two interviews in this report, despite the apparent similarity in the structure of the models generated by these interviews, could arise because the two sources of information are providing different but equally valid information about the TBI survivor and because the validity of the information from one or both sources is compromised in some way. Our results provide some preliminary evidence for this second possibility. The fact that the factors generated from the interview with the SO correlated more highly with one another than with similar factors from the interview with the TBI survivor may indicate that an additional variable (eg, SO burden) is exerting an influence on the information provided by the SO. It is premature to claim that one source of information is more reliable than the other, and it may prove more useful to examine more closely the nature of the information obtained from the survivor and the SO.
The current study has a number of limitations. First, our sample may not be representative of the population with TBI, despite our efforts to recruit participants from six major centres in the UK (three cities in England and three centres in Scotland). Item selection may have proceeded differently with a different sample. The influence of this possible problem on the development of the model is attenuated by the use of second order factors that depend less on the presence or absence of individual items and more on clusters of items. Second, the Brain Injury Personality Scales was the only measure of personality used in this study, and consequently there is no external or independent criterion against which to compare or validate the Brain Injury Personality Scales. The absence of such a gold standard in this study reflects the lack of consensus on models of personality change after TBI. There is an urgent need to compare the current models and the current measurements empirically. Until this is done, there is no way of knowing if the current models are sympathetic to one another, or if they are measuring different aspects of personality. It is also not possible to speculate on the sensitivity, validity or accuracy of the current measurement instruments. Third, there was no objective indication of the current functioning of the participating TBI survivors. Nevertheless, we did have some indication of their poor social functioning by the fact that they were either attending rehabilitation services or were in contact with social services. Fourth, the demographic differences between the TBI and non-TBI groups may have affected the selection of items. The true influence of the demographic differences on item selection may be difficult to assess but only a small proportion of the total number of items were excluded on the basis of a significant difference in score between the participants with and without TBI. Fifth, the development of the model depends largely on information obtained from the SO, including information about the personality of the TBI survivor before the injury. There is evidence that information provided by an SO about the current personality is subject to bias 29 but the extent of bias in the information about the personality before the injury, especially when the injury occurred over 20 years previous to the interview, is not known.
The model we describe provides a framework to organise the components of personality that are changed after brain injury. The model was developed with well defined clinical and statistical criteria, and its structure was generated with information from the TBI survivor or from the SO. However, it has not been subjected to confirmatory factor analysis, does not include some clinically salient aspects of personality and the information obtained from the TBI survivor did not agree with the information provided by the SO. The model requires additional development but we hope that this framework can serve as a guide to future thinking about personality change after TBI.
